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ABSTRACT 


Background: The clinical and radiological evaluation of endotracheal suctioning (ETS), which is performed as a blind procedure 
has incapacities. The purpose of this study was to indicate that angulation of the ETT tube tip to both lung sides is an important 
factor in the progression and orientation of the ETSC in the bronchial system. 

Method: The five sheep lung was dissected to reveal bronchial system, anesthesiologist inserted the catheter into the endotra¬ 
cheal tube at neutral tube tip position. Then tube tip was rotated 30° and 45° to the right and 30° and 45° to the left respectively. 
The advancement and orientation of ETSC in the tracheobronchial system were dynamically observed with 625 insertion done 
by 5 different anesthesiologists. 

Results: The sheep tracheobronchial system can be used as a model in morphological studies. The known access limitations of 
an ETSC were documented in the animal model by dynamically observing the advancement and orientation of an ETSC. 

Conclusion: It can be entered both bronchial systems by obtaining a least 30° of angle to ETT tip position towards each lung 
side. 

Key Words: Sheep lung modelling, Endotracheal suctioning catheter, Selective endotracheal suctioning, Intubation tube posi¬ 
tion 


INTRODUCTION 

Endotracheal suctioning (ETS) is one of the most common 
supporting prevention in intensive care units (ICU) to suction 
overage respiratory secretions and improve respiratory func¬ 
tion h2 . The “blind” nature of advancing the suction catheter 
may be one of the major limitations to the procedure, and 
may lead to less efficient suctioning. However, failure to as¬ 
pirate both sides of the bronchial system can have numerous 
detrimental effects 2 ' 4 . The effectiveness of tracheal suction¬ 
ing is directly proportional to the advance and orientation of 
the suction catheter to both sides of the tracheobronchial tree 
and the vacuum characteristics '. Although generally single¬ 
sided suctioning is performed in ETSC, practitioners believe 
that they have completely performed the procedure because 


they do not take into consideration the complex morphologi¬ 
cal characteristics of the bronchial system. Connection of the 
developed complications to nonstandard techniques or causes 
such as removing from the ventilator rather than single-sided 
suctioning results in delays in diagnosis and interventions 1_5 . 
In order for ETSC to be effective, it constitutes a necessity to 
enter the right and left bronchial system. Since the control of 
ETSC through imaging techniques is not possible for every 
patient, it is necessary to determine the effectiveness of the 
procedure on a model consistent with the human. 

Therefore, this study aimed to indicate that angulation of 
the ETT tube tip to both lung sides is an important factor in 
the progression and orientation of the ETSC in the bronchial 
system. 
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MATERIALS AND METHODS 

The study protocol was reviewed and approved by the ethi¬ 
cal review board of Selcuk University, Veterany Medicine 
(Ref No:2015-06-29). Sheep lung were supplied from Konya 
municipality slaughterhouse a day before experiment. 

The five sheep lung was dissected to reveal bronchial sys¬ 
tem. Bronchial tissue, 2x1 cm from the carina and lxl cm 
from the bronchial branching areas was removed to open 
windows to observe the movement of the ETSC (Fig 1). The 
sheep lung was placed on the table so that the membranous 
part of the trachea faced the dorsal. The trachea was intubat¬ 
ed by using a size 8.5 endotracheal tube (Bigakgilar I.D 8.5, 
Istanbul, Turkey) so that the tip of the tube was 1 cm above 
the carina and the cuff was inflated with 20 cm water pres¬ 
sure. In order to indicate the orientation, the blue line on the 
endotracheal tube was fixed precisely on the middle anterior- 
posterior line of the trachea. This position was designated the 
neutral position. An aspiration catheter (Bigakgilar 16 Ch, 
Istanbul, Turkey) was used for ETS. Primarily, anesthesiolo¬ 
gist inserted the catheter into the endotracheal tube at neutral 
tube tip position. Then tube tip was rotated 30° and 45° to the 
right and 30° and 45° to the left respectively. Each anesthesi¬ 
ologist inserted the catheter five times for each tube tip posi¬ 
tion for each sheep lung. Each anesthesiologist conducted 25 
insertion on each of the five lungs. Thus a total of 625 inser¬ 
tion were performed on five different sheep lung. The side 
(left or right sheep lung) and the final point that the catheter 
reached were noted. 

The data were loaded on Statistical Package for Social Sci¬ 
ence (SPSS, 20.0 SPSS FW, SPSS Inc., Chicago, IL., USA), 
which assessed the frequencies and percentages of categori¬ 
cal variables. 

RESULTS 

After rotation of ET left (30°- 45°) or right (30°- 45°) the 
intubation tube tip faces to lateral walls of trachea instead 
ventral. This leads the first contact of ETSC after ET tip to 
lateral wall rather than medial wall of any main bronchus 
as in neutral position. After initial contact, catheter advance¬ 
ment was similar as in neutral position. In either rotation, the 
ultimate point of advancement were the relevant dorsal basal 
segment of the diaphragmatic lobe. 

A total of 625 insertions were conducted. At neutral position 
of ET, the catheter was entered to the left in 117 (93.6%) 
insertions and to the right in 8 (6.4%) insertions. In neutral 
position, unlike other anesthesiologists, the anesthesiologists 
4 and 5 entered to the right in lung2 and 3.The ETSC was 
oriented left bronchial tree (100%) in all left oriented posi¬ 
tions of ET (30° or 45°). Similarly the ETSC was oriented 
right bronchial tree (100%) in all right oriented positions of 
ET (Table 1). 



DISCUSSION 

The primary objective of this investigation was to evaluate 
the ETSC advancement and orientation in the tracheobron¬ 
chial tree and the factors responsible for differences. 

Considering that it is necessary to enter and clean each lobe 
bronchus for the effective aspiration 6 7 , it should be presented 
how successfully this can be performed through current as¬ 
piration techniques. 

Detecting the access limitations of ETSC on the patient 
brings along a number of difficulties. It is almost impossi¬ 
ble to check through radiological examinations performed 
during the procedure whether both bronchial systems are 
accessed for an effective ETSC 5 . In conventional radiologi¬ 
cal studies that constitute the basis of control, the image is 
masked by lung parenchyma. Right and left main bronchus 
can be viewed up to 3-4 cm after the carina and then the im¬ 
age gets lost inside lung parenchyma. Another disadvantage 
of conventional imaging is that it is two dimensional and 
does not provide any information regarding the position of 
ETSC in the lumen. In this case, the position of ETSC and its 
relationship with the lobar bronchial orifices opening to the 
main bronchi cannot be determined although they are on the 
same plane. Pathological appearances that are frequently ob¬ 
served in intensive care patients such as atelectasis, pleurisy 
and infiltration make the radiological follow-up of ETSC 
much more complicated. 

According to observations on sheep model, the access limi¬ 
tations of an ETSC can be divided into three problematic 
areas. These are the space distal to the intubation tube cuff, 
the bronchial system that cannot be accessed and the bronchi 
that cannot be aspirated in the successfully accessed bron¬ 
chial system. 

The space between the tube cuff and the contact point of 
ETSC at right or left main bronchial lumen is the most proxi¬ 
mal problematic area. The main source of the secretions that 
accumulate around the cuff is the bronchial system that can¬ 
not be accessed. In addition, the late aspiration of the ac¬ 
cessed side also contributes to the accumulation of secre¬ 
tions. ETSC is suspended between the tip of intubation tube 
and the point where contact with bronchial wall. The carina 
is bypassed in almost all cases. This means not only the cuff 
region but the carina and most proximal part of (first cm) of 
main bronchi are not aspirated. This differs from the orien¬ 
tation that occurs after contacting the carina in the case of 
foreign-body aspiration 8.Then catheter is directed from me¬ 
dial to posterior aspect of bronchial lumen in the few milli¬ 
metres of advancement where the effective aspiration come 
on because the secretions accumulate on posterior surface of 
bronchial lumen because of gravity (Fig 1). 

While one of the lungs is aspirated, only rarely can the other 
lung be aspirated with the current form of ETS. Right is dom- 
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inant side in ETSC advancement in human lung (80-92%). 
Therefore, advancing ETSC into the left is difficult (8-20%), 
which means that one side cannot be aspirated easily 2 ’ 3 ’ 5 ’ 9 ’ 10 . 
Even in cases performed by experienced practitioners, with 
the head positioned and a special catheter used, the left bron¬ 
chial system can be accessed at a rate of 50% 3 ’ 5 ’ 7 ’ 9 ’ n . 

Only bronchoscopy guarantees the aspiration of the tracheo¬ 
bronchial system by entering both sides 5,12. Entering into 
the left bronchial system does not guarantee successful entry 
into the right bronchial system in the same session, which 
means that the bronchial system is usually aspirated in one 
side only during ETS. In our study, it was achieved a rate 
of 86% dominancy on one side in neutral position, which is 
close to the rate of 80 - 92% stated for humans in the previ¬ 
ous studies (Fig 2). 

The blind nature of procedure and the estimation that the 
main bronchi is reservoir of accumulated secretions result 
in whether lobe bronchi were reached during ETS was left 
out of the clinical evaluation. The drainage of both upper 
lobes and the right middle lobe while the patient is in a su¬ 
pine position, without any problems in most cases, has made 
the clinical examination of these lobes unnecessary. In this 
study, the catheters reached the diaphragmatic lobe bronchi 
in the sheep lungs, which are considered the equivalent of 
the lower lobes in humans, in all of the experiments (100%). 
However, the apical, cardiac intermediate and apico-cardiac 
lobes in sheep could not be accessed in any of the insertions 
(0%), which supports the idea that the right upper, middle 
and left upper lobes in humans cannot be accessed with the 
ETSC (Fig 3). 

The factors that affect the access facility of an ETSC can be 
grouped into four main categories. These are endotracheal 
tube tip position, morphological structure of the tracheo¬ 
bronchial system, factors related to the practitioner and the 
material characteristics of the catheter. 

First of all, intubation tube tip position was not evaluated as 
a factor but it is stated that the orientation of the ETSC pro¬ 
gressed depending on the angulation of the carina. During 
the observations through the windows opened to the tracheo¬ 
bronchial system, the intubation tube tip angulated toward 
the ventral side of the trachea. This situation results from the 
curved body structure of the intubation tube, which becomes 
straight in the tracheal lumen and (tip portion after cuff pre¬ 
serve its natural form) then has its tip propped up after the 
cuff, causing a slight curve toward the ventral side. As ETSC 
was directed ventrally just after ET tip, the accumulated se¬ 
cretions on dorsal surface of lumen around ET cuff and ca¬ 
rina was impossible (Fig 4,5,6). 

Since the ET tip ended in angulated manner after cuff, the 
rotational movement of ET changes the position of ET tip 13 . 
After rotation of ET to left (30°-45°) or right (30°-45°) the 



intubation tube tip faces to lateral walls of trachea instead 
ventral (Fig 7). This leads the first contact of ETSC to lateral 
wall rather than medial wall of any main bronchus. In real 
situation deviation of ET from neutral position is not uncom¬ 
mon 14 . Minor position changes such as fixing of ET to left 
or right side of mount, the stirring of patient head, the burden 
of auxiliary pipes on ET are few of agent that may facilitate 
the change of neutral position of ET and may lead inevitable 
effects on ETSC orientation 13 ’ 15 ’ 16 . The access rates of 30° and 
45° rotation to left and right displays in Table 2. The entrance 
rates at 30° and 45° for oriented side were %100. Both bron¬ 
chial systems can be accessed by rotation of ET even 30° 
to left or right. Considering that it is stated in the previous 
studies that access to the left occurs at rates between 8-15% 
with the aspirations performed by conventional methods, our 
method (rotation of tube at 30° or 45°) which provides full 
access to both systems, will prove to be highly useful. 

Although there is no intervention facility for ETSC after ET, 
the path of ETSC is determined by morphologic features of 
tracheobronchial tree (as latter mention practioners factor 
can effect just before first contact).The morphology of the 
tracheobronchial system in the study implies lumen dimen¬ 
sions, lobar bronchial orifice position and as well as their 
angles 17 ’ 18 . ETSC movement will continue until the lumen 
dimension becomes equal to or smaller than the catheter size. 
It was observed that lumen dimensions in the study did not 
have any effect on the catheter movement. 

Solid objects, such as a catheter, resist to change their shapes 
and move in the direction of the applied force. The main 
axis in the bronchial system is the plane that the right of left 
main bronchi constitutes extending from the proximal to the 
distal. Due to its material characteristics (hardness and stiff¬ 
ness) and absence of guiding mechanism, an ETSC cannot 
advance at right or near-right angles 19 . Unreasonable efforts 
result in bending and kinking of the catheter 20 . In the study, 
the ETSC could not access the apical, cardiac intermediate 
and apico-cardiac lobes in sheep due to their right angle to 
the right and left main bronchial system (0%). Right upper 
and middle lobes and left upper lobes in humans, which are 
considered to be the equivalent of the aforementioned sheep 
lobes, also intersect at which shows a similar angulation an 
angle of approximately 90° to the main bronchus, making 
catheter access impossible. 

The ultimate point of that the ETSC reaches in the bronchi¬ 
al system is the dorsal basal segment of the diaphragmatic 
lobes in sheep (100%). This is consistent with the morpho¬ 
logic features mentioned above. Taking into account of sheep 
model, the ultimate point of advancement in human will be 
medial or posterior segments of the lower lobes. 

Four out of five lobes in single-sided ETS and three out 
of five lobes in bilateral ETS cannot be aspirated because 
of the difficulties presented above. Considering that it is 
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necessary to aspirate all the lobes for effective aspiration, 
it can be concluded that effective aspiration cannot be per¬ 
formed even with bilateral ETS. 

Although access to the left bronchial system at neutral posi¬ 
tion was dominant in the study (93.6%), some anesthesiolo¬ 
gists (6.4%) entered the right bronchial system. We postulate 
that personal factors caused experimenters 4 and 5 to enter 
the right bronchial system in all experiments on lungs 2 and 
3 at neutral position; these personal factors include which 
hand they used, catheter pushing speed, manoeuvres to the 
right or left while pushing and other skills they gained before 
hand. Regardless, the fact that all anesthesiologists consist¬ 
ently accessed the same side in all tube positions supports 
our assertion. 

The A ARC report 21 mentions scarcely on aspiration com¬ 
petence. The rational of the report is at functional manner 
that satisfactory aspiration means sufficient oxygenation of 
blood. The estimation is based on two consideration; the cili¬ 
ary motion can afford to carry the secretions of even the most 
distal parts of bronchial system to proximal and just after the 
tip of ET, the ETSC contacts with secretions and aspiration 
takes place 2223 . Contary to assertions in AARC, the experi¬ 
ment revealed the central regions such as carina and cuff pe¬ 
riphery was not aspirated. 

AARC recommends swallow aspiration because of less trau¬ 
matic potential than deep aspiration 21 but neither technique 
is superior for removing secretions. The secretions of unaspi¬ 
rated side inevitably accumulate and may result in devas¬ 
tating complications 1 . The current guidance on endotracheal 
suctioning may need to be investigated the optimal methods 
to aspirate more central parts of tracheobronchial tree such 
as mucus slurper 24 , mucus shaver 25 or modification of ET 
tip confugration to maintain contact just after ET tip rather 
than to major on present tecniques and strategies. 

The scope of the modelling focused on the first two factors; 
the tube tip position and morphological structure of the tra¬ 
cheobronchial system. The third and fourth factors, based on 
the practitioner and the physical and material characteristics 
of the catheter, were not included in this study. Further stud¬ 
ies could be designed for evaluating the effects of these fac¬ 
tors. 


CONCLUSION 

In our study, by using a sheep lung model, we endeavoured 
to show that the ETSC was not located sufficiently. We be¬ 
lieve this is because the tracheobronchial system anatomy 
are not well understood and catheter movement cannot be 
foreseen by most clinicians 26 . The influence of the intuba¬ 
tion tube tip position and practitioner factors on the effec¬ 
tiveness of ETS are points that have not been discussed in 



the previous studies properly. Direct observation of the pro¬ 
cedure on a dynamic model will help to identify previously 
ignored factors in clinical and radiological evaluations. The 
fact that ETSC does not have a guidance mechanism causes 
ET tip position to become the main determinants in guiding 
the ETSC. Therefore, we consider that it can be entered both 
bronchial systems by obtaining a 30° of angle towards each 
side. 
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Table i: The lung orientation of the ETSC obtained by ET position (neutral position, 30 degrees right-left posi¬ 
tion, 45 degrees right-left position). Five trainers made 5 trials in 5 positions. 
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Figure 1: Illustrate the proximal unaspirated space, between 
the tube cuff and the contct (first or second main bronchial car¬ 
tilage) point of ETSC at main bronchial lumen. Note the carina 
is always by-passed. The tip of ET directed to ventral side so 
ETSC that pass throught it never contact with the posterior 
surface of tracheal lumen. 



Figure 2: The ETS is almost single sided. Dotted lines display 
the bronchial system that cannot be accessed. 


Figure 4: Illustrates the angulation between the body and the 
tip of intubation tube (ET). Due to plastic attitude of ET, the 
body of tube becomes straight in trachea lumen, but the por¬ 
tion after cuff keeps its curve. The angle is labile, 20degree-30. 


Figure 5: The angulated position of ETSC after ET tip. Note 
the absence of contact between ETSC and dorsal surface of 
lumen around ET cuff and carina where the secretions accu¬ 
mulate becuse of gravity. 





Figure 3: Dotted lines illustrate the unaccesed lobes and seg¬ 
ments of accessed side. (Both upper and right middle lobes 
are unacessed lobes). As the intervention facility is limited, the 
path of cathater is determined by morphological features of lu¬ 
men (size shape, angle). The practitioner effort on orientation 
is noneffective after main bronchi. The ultimate point of aspi¬ 
ration is dorsal basal segments of the diaphragmatic lobes in 
sheep and medial or lateral segmentsof lower lobes in human. 


Figure 6: The lateral widow on distal trachea displays the po¬ 
sition of ET tip cuff. 
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Figure 7: The intubation tube tip positions. Note A, B, C denote neutral position, right rotation (30degree-45degree sign), left 
rotation (30 degree-45degree), respectively. 











